O n May 8, 1998 , the US State of Minnesota reached a historic settlement with the tobacco industry. 1 As part of the settlement, the 7 tobacco manufacturers named in the trial were ordered to pay more than $200 billion dollars and to make public over 40 million pages of internal tobacco industry documents. These documents have provided a wealth of information about the conduct of the tobacco industry, the health effects of smoking and the role of cigarette design in promoting addiction. 2 A number of the most sensitive documents were concealed or destroyed before the trial as the threat of litigation grew. 3, 4 Based on advice from their lawyers, companies such as British American Tobacco instituted a policy of document destruction. 5 A.G. Thomas, the head of Group Security at British American Tobacco, explained the criteria for selecting reports for destruction: "In determining whether a redundant document contains sensitive information, holders should apply the rule of thumb of whether the contents would harm or embarrass the Company or an individual if they were to be made public." 6 British American Tobacco's destruction policy was most rigorously pursued by its subsidiaries in the United States, Canada and Australia, likely because of the imminent threat of litigation in these countries. The policy was developed following the 1989 decision by a Canadian judge to give Canadian government representatives access to scientific research conducted by Imperial Tobacco Canada and its principal shareholder, British American Tobacco. 7 This ruling prompted British American Tobacco to undertake steps to prevent scientists in its affiliate companies from retaining industry studies and to require the destruction of sensitive documents. 8, 9 Canadian scientists were the most resistant to this policy, 10 but they too agreed to destroy their copies of British American Tobacco's scientific research. 11 In a letter dated June 5, 1992 , a lawyer working on behalf of Imperial Tobacco Canada informed British American Tobacco that Imperial would destroy copies of 60 documents in compliance with the document destruction policy, and he provided reference numbers for each of these documents.
what British American Tobacco considered "sensitive" research results.
14 A list of the 60 documents is available in Appendix 1 (www.cmaj.ca /cgi /content /full /cmaj .080566/ DC1). Appendix 2 (www.cmaj.ca /cgi /content /full /cmaj .080566/DC1) includes summaries of 3 documents not otherwise discussed that explore the transfer of the flavouring additive coumarin to tobacco smoke. [15] [16] [17] What was the nature of the 60 reports that Imperial and British American Tobacco wanted destroyed? Although Imperial dutifully destroyed its copies of these sensitive documents, other copies of the same documents were stored at British American Tobacco headquarters in the United Kingdom and were released in 1998 through court disclosure in the Minnesota Trial and subsequent legal proceedings. 1 We searched British American Tobacco's archives for each of the 60 reports using the research numbers included in the original letter. 12 In this article, we present the contents of these research reports.
Methods
We searched the electronic databases that contain tobacco industry documents to identify copies of the 60 destroyed research reports. The British American Tobacco Documents Archive 18 and the British American Tobacco Document Collection 19 include British American Tobacco documents that were released as part of the Minnesota trial. These documents were originally housed in Guildford, England, and consist of about 7 million pages of internal reports from British American Tobacco and its subsidiaries, including Imperial Tobacco Canada and Brown & Williamson in the US. We also searched the Health Canada and Brown & Williamson collections using Tobacco Documents Online, 20 and the Legacy Tobacco Documents Library, housed at the University of California at San Francisco. 19 The initial search used the research numbers identified in the letter. 12 Further searches were then made using a "snowball" technique that allowed us to add extra search information such as dates, authors' names and document titles to subsequent searches. Using these techniques, we identified each of the 60 reports included in the original letter. 12 We retrieved, reviewed and characterized each of these reports. Information in the documents was abstracted by 3 of the authors (D.H., M.C. and A.L.). The documents were then organized into themes based on the content of each document and the collective input of all 4 authors. The scientific quality of the 47 original research reports was evaluated by the lead author (D.H.) based on the study design, methods and statistical analyses. A summary of each study, with additional detail on the methodology and results, is available in Appendix 2.
Results
All 60 documents ordered destroyed were reports of scientific work, performed either by British American Tobacco or contractors hired by British American Tobacco. The earliest report dated from 1967 and the most recent was produced in 1984. Of the 60 reports, 11 were reviews of internal research or methods development, 2 were statistical re-analyses of previous studies and the remaining 47 documents contained research findings from original studies conducted by British American Tobacco. All 47 original studies used experimental research designs, and most used advanced techniques in analytical chemistry, biological testing and animal research designs. The statistical analyses of the data were sophisticated and judged to be appropriate for the study designs, and the interpretation of the findings reflected the expertise of the industry scientists. Although the diversity of the studies contained in the documents precludes any formal evaluation of scientific quality, the research standards of the studies reported in the destroyed documents was equal to and, in many cases, exceeded the standards of peer-reviewed scientific research published during the same period. Table 1 provides a summary of the findings from key documents.
Carcinogenicity and biological activity of cigarette smoke
The destroyed documents reveal a vast body of scientific evidence on the health effects of smoking. Forty of the 60 documents pertain to carcinogenicity and "biological activity" of cigarettes. [21] [22] [23] The research contained in these documents is notable both for its scope and the consistent pattern of the findings showing a link between cigarette smoke and a range of health effects. One of the reports, a 1976 review of British American Tobacco research about the biological activity of cigarette smoke, indicates that British American Tobacco had conducted research on the effects of cigarette smoke on lung cancer, bronchitis, emphysema, ciliastasis, cardiovascular disease and reproductive abnormalities, among other health effects. 23 A review of research activity at British American Tobacco's German research facilities reports an equally broad range of findings from dozens of studies. 59 As one indication of the consistency of these findings, British American Tobacco scientists were surprised by studies that failed to show the carcinogenic nature of cigarette smoke. 13 Many of the documents ordered destroyed were associated with Project Janus, 22, [28] [29] [30] [31] [32] [33] [34] [35] 60 which was a long-term research program conducted between 1965 and 1978 to determine the carcinogenic components of tobacco smoke. Tobacco condensate was applied to the skin of mice, a technique that was commonly used for determining carcinogenicity at the time. The tumorigenicity of tobacco smoke was also evaluated by use of longer-term tests exposing hamsters to mainstream cigarette smoke (smoke that is extracted through the filter end of the cigarette). 50 The Janus studies concluded that long-term inhalation of tobacco smoke alone led to cancerous lesions: "The hamster inhalation and mouse skin painting systems … do measure tumour induction by smoke. … A number of other procedures have been shown to correlate with tumorigenicity and this appears to have relevance to lung cancer." 23 Virtually all of these studies used animal models to test for carcinogenicity, although the applicability to human smokers is addressed in the reports: "In the long-term tumorigenicity tests it is assumed that similar mechanisms operate to produce the experimental tumours as are involved in human lung cancer causation. This assumption appears reasonable." 23 
Relative risk between brands
Much of the research in the destroyed documents was not simply concerned with whether tobacco smoke was carcinogenic but with testing for differences between cigarette brands. 23, 59 The industry was under increasing pressure from regulators and consumers to reduce the harm from smoking and sought to reduce their potential liability. The cigarettes used in Project Janus were specially produced to test the consequences of different design elements, including tobacco blend. Several destroyed documents also describe work from Project Rio, 21, 36, 37 a multinational project that sought to rank the mutagenicity of cigarettes from around the world. Project Rio used the Ames test, a newly developed biological test that could be used to identify potential mutagens in tobacco smoke condensate. There was concern within British American Tobacco that the Ames test would be used not only to develop scientific knowledge about health effects of smoking but also as a regulatory tool by governments (e.g., to rank cigarettes similar to the rankings that already existed for nicotine or tar). 64 However, the results from Project Janus and Project Rio provided discouraging results about the prospect of developing less hazardous cigarettes: all tobacco blends and types of cigarette designs were found to be carcinogenic, and most of the modifications made relatively little difference to specific carcinogenic activity. [56] [57] [58] For example, in 1984, British American Tobacco tested Canadian brands such as Craven A, Players Light, duMaurier, Export A, Mark 10 and Matinée. Overall, the differences in specific mutagenic activity between brands were considered too small to be significant. 21 Similar results were found in research examining the effect of filters. 65, 66 Filters that could selectively remove toxins from smoke without interfering with the delivery of nicotine and reducing consumer "satisfaction" have long been a primary, but elusive, goal of industry research. One of the destroyed documents reported on an experiment conducted with filters containing carbon to selectively remove vapour-phase toxins from March 1974
• An investigation of whether smoke exposure and concentration of N-methyl-N-nitroso-urea (NMU) initiator had a tumorigenic effect on hamsters.
• Exposure to cigarette smoke resulted in a 6-fold increase in the number of grade 4 laryngeal lesions, and smoke exposure had a dose-dependent effect.
• Lesions were present even in the absence of NMU pretreatment, indicating that the cigarettes were carcinogenic without an initiator.
Review of biological testing methods, 23 September 1976
• A review of British American Tobacco's biological testing on the effects of cigarette smoke in an effort to link biological effects with diseases such as lung cancer, bronchitis, emphysema, cardiovascular disease and low infant birth weight.
• Research from 30 British American Tobacco studies was reviewed, including studies of chemical smoke analysis, short-term inhalation studies with animals and humans, long-term mouse skin painting tests of carcinogenicity, and inhalation and reproductive studies in animals.
• The report highlights the advantages of using short-term in vitro tests in product development.
Carcinogenicity and "biological activity" of tobacco smoke
Ames mutagenic activity of mainstream condensate of 6 commercial cigarettes, 21 October 1984
• An investigation of mutagenic activity of existing commercial Canadian cigarettes.
•
The findings were similar with those of previous studies and showed that all of the Canadian cigarettes were mutagenic.
Pilot long-term inhalation study, 25 November 1978
• A long-term smoking study investigating changes in the lung, larynx and trachea of rats exposed to smoke for a year compared to a control group. • After 52 weeks, only smoke-exposed rats developed tumorigenic changes in their lungs, bronchi and trachea.
Second-hand smoke
Investigation of sidestream* smoke constituents,
24
May 1980
• A comparison of the components of mainstream and sidestream smoke found that semivolatile nitrogenous compounds (e.g., pyridines) and nicotine were found to be higher in sidestream smoke.
•
The report suggests that "passive" smokers may inhale larger amounts of these chemicals than smokers themselves and may be exposed to significant quantities of harmful chemicals.
Preparation and properties of nicotine analogues, 26 November 1972
• A report on the properties of nicotine, the addictive component of cigarettes, and some of its close analogues.
• British American Tobacco's scientists made several unsuccessful attempts to synthesize nicotine analogues.
Nicotine addiction and compensation
Compensation for changed delivery,
27
January 1976
• A review of evidence on smoking patterns among smokers in response to changes in cigarette design, including "low-nicotine" cigarettes.
•
Many smokers compensate for "lower" delivery by smoking more intensely in an effort to equalize nicotine delivery.
*Sidestream smoke refers to the smoke that escapes primarily from the lit end of the cigarette.
cigarette smoke -a design feature that is common among current cigarette brands. 66 The study found that rats exposed to the smoke filtered through carbon filters had a greater weight of particles attached to their lungs than rats exposed to less filtered smoke -the opposite of what was hypothesized. The authors reasoned that reducing some of the toxins in the vapour phase may have made the smoke less irritating, resulting in greater inhalation. The British American Tobacco scientists speculated about the implications for its consumers: "If, therefore, the human smoker shows a parallel reaction and also inhales less irritant smoke more readily, then the inferred benefit of vapour phase filters is undermined to a degree."
The conclusions from this set of studies provide critically important insights on the impact of product modifications: cigarettes that gave the appearance of reducing toxicity under biological testing have the potential to be equally or even more harmful than "conventional" cigarettes if these products also lead to increases in the intensity of smoking. This phenomenon is addressed more directly in another of the destroyed documents. David Creighton, a senior research scientist working within the commercial applications division at British American Tobacco, described the process of how smokers "compensate" for products with lower nicotine levels by increasing the amount of smoke that is inhaled. 24 As Creighton explains, smokers increased their inhalation in an effort to "equalize nicotine delivery." 24 In addition to shedding light on the potential effects of selective filtration techniques such as the use of charcoal, the concept of smoker compensation was most relevant to understanding filter "ventilation" -the dominant design modification that was already being used in the 1960s and 70s to reduce the tar levels of Canadian cigarettes. British American Tobacco and Imperial Tobacco were manufacturing cigarettes with tiny "ventilation" holes positioned on the filter so that air could enter and dilute the smoke passing through the filter. However, as the report by Creighton indicates, smokers compensated by simply inhaling more smoke in order to extract a similar amount of nicotine as they would have previously inhaled from cigarettes with higher tar and nicotine levels. 67 Overall, filter ventilation was an effective way for manufacturers to decrease the tar and nicotine yields of cigarettes under standard machine testing and to give the appearance of a less harmful cigarette, while continuing to deliver similar amounts to consumers. 68 In fact, epidemiologic data indicates that the rise of ventilated cigarettes in Western countries coincided with an increase in the rate of adenocarcinoma, perhaps because of deeper inhalation patterns from these products.
Nicotine and addiction
Six of the destroyed documents depict a sophisticated program of research on nicotine addiction (Table 1) . 24, 25, 65, [69] [70] [71] Several of the destroyed reports discuss the pharmacologic action of nicotine and nicotine receptors. 24, 65, 69 For example, Creighton speculated about a link between smoking compensation and nicotine receptors: "Since many smokers compensate for changed delivery, it has been assumed that a feedback mechanism exists to let the smoker know whether to take more or less smoke from a particular brand. This implies the presence of a nicotine sensitive receptor." 24 British American Tobacco scientists recognized at this early stage that research on nicotine receptors represented both an opportunity for the company and a serious threat: "… the present scale of the tobacco industry is largely dependent on the intensity and nature of the pharmacologic action of nicotine." 69 "Should nicotine become less attractive to smokers, the future of the tobacco industry would become less secure." 69 To anticipate the threat from the pharmaceutical industry or "antitobacco" groups, British American Tobacco conducted research into nicotine antagonists -chemicals that could block nicotine receptors and essentially neutralize the effect of nicotine in cigarette smoke. Report Rd. 953 states: "If such a compound were included in a product competitive to tobacco, it might negate the effect of nicotine and lead to the rejection of the smoking habit by some consumers." 69 The report concluded that research was needed on antagonists to prevent such "… a future assault on the industry." 69 Collectively, these research reports include convincing evidence about the addictive nature of nicotine -a fact that was vehemently challenged at the time in public by British American Tobacco and Imperial Tobacco Canada. For example, a 1984 report from C.I. Ayres, a British American Tobacco scientist, was "designed to identify and characterise how nicotine derived from cigarette smoke can interact with the body, and in particular the active centres of the brain. This specific interaction is believed to form an essential element of a smoker's satisfaction. … Taken together, the evidence suggests that self-administration of nicotine may be the primary motivation for smoking." 25 This document suggests that the primary emphasis of British American Tobacco research was not simply to document the addictive nature of nicotine in cigarette smoke but to pursue commercial applications for facilitating nicotine addiction under different conditions: "The general programme of study is intended to develop our understanding of the pharmacologic role of nicotine within the context of human smoking behaviour. … The findings will be used as appropriate in the process of developing lower delivery products with full smoking characteristics." 25 
Second-hand smoke
Eleven of the destroyed documents included original research findings on the effects of second-hand smoke. 26, 27, [72] [73] [74] [75] [76] [77] [78] [79] [80] Nine of studies were experiments performed on rats to determine the effects of second-hand and mainstream smoke. 26, 27, [73] [74] [75] [76] [77] [78] [79] The primary outcome of the tests was the finding that "In all exposed animals there was a consistent smoke-induced change in the larynx … change was quantifiable and related to the length of exposure." 74 These experiments were not long-term assays like the mouse skin-painting tests, which could take years to complete; rather, the rat inhalation tests sometimes reached their "endpoint" in as little as 2-8 weeks depending on the experiment. One test even showed that significant results could be obtained without requiring the scientists to come in on the weekend to expose the rats to smoke. 73 For example, the first study in this series of studies tested the effect of second-hand smoke on rat lungs. 74 Rats were exposed to a set amount of smoke 4 times a day for 1 to 2 weeks; after 2 weeks, hyperplasia and metaplasia in the cells of rat lungs were observed even among rats that were only exposed for 40 minutes (4 × 10 minutes) per day.
Another study investigated second-hand smoke by testing the constituents from sidestream smoke -the smoke that escapes primarily from the lit end of the cigarette. 75 The scientists concluded that second-hand smoke was in fact more toxic than mainstream smoke. "Especially for low delivery cigarettes, this suggests that it is the 'passive smoker' who obtains the larger amounts of these components, albeit in a diluted form, rather than the smoker himself." 72 The risks of second-hand smoke and the prospect of eventual regulation were sufficiently clear that British American Tobacco scientists began investigating technologies to clear ambient smoke from indoor areas. For example, Project Rd. 1922 examined the effectiveness of air ionizers; however, the study found that the clearance effects were "relatively small" and unlikely to be any more effective than opening a window. 80 
Scientific quality
The documents that Imperial Tobacco sought to destroy characterized a sophisticated research program into the health effects of tobacco products, second-hand smoke and addiction. The scientific quality of the research reports either met or exceeded contemporary standards in terms of study design, methods and statistical analyses. All 47 original research studies used experimental designs and most used advanced techniques in analytical chemistry, biological testing and animal research designs. The studies are notable both for the wide range of research designs used to examine the health effects of smoking and for the consistency of the findings. The diversity of research designs reported in the documents also served different purposes: whereas animal models allowed for stronger causal inferences about the carcinogenicity of cigarette smoke, biological testing provided a more efficient means of testing individual products. Meanwhile, studies involving humans highlighted the implications of product modifications for smoking behaviour and consumer exposure. The statistical analysis of these data was sophisticated and the interpretation of the findings reflects the expertise of the industry scientists. Overall, the scientific quality and the scope of this evidence was likely an important factor in the decision to target these documents for destruction.
Discussion
In 1954, the Canadian Medical Association issued its first public warnings about the risks of smoking, followed in 1963 by the landmark statement in the House of Commons from Canada's Minister of National Health and Welfare that smoking was harmful to health. Despite these historic proclamations, there remained considerable uncertainty about the extent of the health risks, whether some products were less harmful than others, and what government measures should be taken to reduce the harm from tobacco. During this period, British American Tobacco and Imperial Tobacco Canada collected high-quality scientific evidence that bore directly on these issues and had the potential to hasten effective public health regulation. However, British American Tobacco and Imperial Tobacco concealed this information and argued that there was a lack of evidence to support government measures such as workplace smoking restrictions and mandatory health warnings on packages. 81 For example, in 1990, the president of the Canadian Tobacco Manufacturers' Council submitted a written objection to government proposals for a new health warning on the risks of second-hand smoke, stating that "we do not accept that there is any credible or reliable evidence to establish that environmental tobacco smoke (ETS) constitutes a genuine health hazards to smokers." 82 The destroyed documents indicate that this evidence had already been collected by the industry and was concealed in confidential files.
Efforts to conceal research findings on "low-tar" cigarettes have been particularly damaging to health policy and government regulation. Canadian manufacturers began producing and marketing "lower-tar" cigarettes during the 1960s and 70s as a direct response to growing health concerns among consumers. 81 Without the benefit of independent evidence on the potential benefits of "lower-tar" cigarettes, many leading health agencies supported this industry strategy. 83 For example, in the 1970s, Health and Welfare officials urged the Canadian manufacturers to reduce tar levels further and to print tar numbers on packages to help guide consumers. 81 The destroyed documents indicate that British American Tobacco had collected evidence that cast doubt on the potential health benefits of "low-delivery" products. In vivo studies indicated that human smokers were compensating for "low-tar" cigarettes by smoking them more intensely, while biological testing from Projects Janus and Rio revealed negligible differences in the carcinogenity and mutagenicity of cigarette brands. Without access to this evidence, several decades elapsed before regulators and health agencies reached consensus that "low-tar" products did not reduce risk. 81, 84 In the meantime, millions of smokers switched to these brands, many under the assumption of reduced harm as an alternative to quitting. 84 The legacy of low-tar cigarettes continues today: most Canadian smokers continue to believe that lower-tar cigarettes are less harmful, and misleading tar numbers continue to be printed on Canadian packages. 85 Furthermore, many governments and health agencies have yet to abandon the intuitive, but misguided, position that there are public health benefits to further tar reductions. For example, the Canadian Medical Association continues to recommend that "the federal government set ceilings on the content of toxic ingredients such as tar … and lower these ceilings progressively." 86 Had the tobacco industry been forthcoming about the evidence collected about human smoking behaviour and low-tar cigarettes, much of the confusion over these products may have been averted. Imperial Tobacco's attempt to destroy the evidence in the 60 documents is consistent with the tobacco industry's welldocumented efforts to undermine science on the risks of smoking and to engineer doubt in the minds of health professionals and consumers. 87 Imperial Tobacco Canada and British American Tobacco publicly denied the importance of the health effects that were clearly shown in the 60 destroyed documents. For example, in 1987 -9 years after the conclu-sion of Project Janus, which showed the carcinogenicity of tobacco smoke -the chairman of Imperial Tobacco Canada and the chair of the Canadian Tobacco Manufacturers Council, Jean-Louis Mercier, testified in front of a House of Commons Legislative Committee, stating that "It is not the position of the industry that tobacco causes any disease. … The role, if any, that tobacco or smoking plays in the initiation and the development of these diseases is still very uncertain." 88 Further, in 1996, Martin Broughton, the chief executive of British American Tobacco stated, "We have not concealed, we do not conceal and we will never conceal. … we have no internal research which proves that smoking causes lung cancer or other diseases or, indeed, that smoking is addictive." 89 Finally, the destruction of documents by Imperial Tobacco Canada has direct implications for industry liability and new litigation that is proceeding in Canada. Canadian courts are currently being asked to consider whether the tobacco industry should be liable for the health care costs attributable to smoking. In the first Canadian trial of its kind, the province of British Columbia has launched health care cost-recovery litigation, claiming that the tobacco companies were part of a conspiracy that engaged in wrongs leading to massive health care costs. In September 2005, the Supreme Court unanimously ruled that parent companies -including British American Tobaccocan be cited as defendants and may be found liable. The case is currently proceeding to trial. Seven other provinces have amended their legislation to allow for similar cost-recovery lawsuits, including New Brunswick and Ontario, which have initiated legal action. Ontario recently announced that it is seeking $50 billion in damages for past and ongoing health-care costs linked to tobacco-related illness. Tobacco companies have yet to pay any compensation either to the Canadian government or to their consumers as a result of their actions.
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